Abstract The inclusion of structural competency training in pre-health undergraduate programs may offer significant benefits to future healthcare professionals. This paper presents the results of a comparative study of an interdisciplinary pre-health curriculum based in structural competency with a traditional premedical curriculum. The authors describe a new evaluation tool, the Structural Foundations of Health Survey © (2016), developed to evaluate structural skills and sensibilities. The authors use the survey to evaluate two groups of graduating seniors at Vanderbilt University-majors in an interdisciplinary pre-health curriculum titled Medicine, Health, and Society (MHS), and premed science majors-with particular attention to understanding how political, cultural, economic, and social factors shape health. Results suggest that MHS majors identified and analyzed relationships between structural factors and health outcomes at higher rates and in deeper ways than did premed science majors. MHS students also demonstrated higher understanding of structural and cultural competency in their approaches to race, intersectionality, and racial health disparities. The skills that MHS students exhibited represent proficiencies increasingly emphasized by the MCAT, the AAMC, and other educational bodies that, in an era of epigenetics and social determinants, emphasize how contextual factors shape expressions of health and illness.
socioeconomic class, or other markers of difference shape interactions between patients and doctors. Whereas cultural competency focuses mainly on identifying clinician bias and improving clinical communication, structural competency emphasizes diagnostic recognition of the economic and political conditions that produce health inequalities in the first place. Structural competency calls on healthcare providers not only to recognize how institutions, markets, or healthcare delivery systems shape symptom presentations but also to mobilize for correction of health and wealth inequalities in society.
Given this framing, most structural competency interventions have targeted healthcare providers and medical students. As Metzl and Hansen (2014) describe it, Bif stigmas are not primarily produced in individual encounters but are enacted there due to structural causes, it then follows that clinical training must shift its gaze from an exclusive focus on the individual encounter to include the organization of institutions and policies, as well as of neighborhoods and cities, if clinicians are to impact stigma-related health inequalities^(127). Thus, medical educators at the State University of New York at Albany developed a structural competency webinar for healthcare providers (School of Public Health), structural competency programs have been developed for nurses (Garcia 2015) , and structural competency electives emerged in a number of U.S. medical schools (Pérez 2014) .
This paper assesses ways that structural competency training is beneficial in prehealth baccalaureate settings as well and in ways that might enhance traditional pre-med education. Pre-health students learn a great deal about the biological aspects of illness but traditionally receive less training regarding the social and economic structures that produce inequities in the distribution of these illnesses. Instruction in these latter issues becomes increasingly important as developments in economics, sociology, the medical humanities, urban planning, epigenetics, and neuroscience uncover the vital roles that social contexts play in even the most seemingly biological of illnesses (Johnstone and Baylin 2010; Slopen et al. 2014) , and as educational bodies such as the AAMC (Englander et al. 2013 Honing this knowledge during the undergraduate years becomes an ever more significant and applicable skill set for the next generation of health practitioners and providers. For instance, in the new MCAT, medical students are expected to demonstrate competency in the influences of culture and community on health behaviors and outcomes, basics of the U.S. healthcare system, social determinants of health, and changes in health policy (Association of American Medical Colleges 2011). Medical school admission requirements frequently echo these curricular changes. In addition to the natural sciences, recent AAMC core competencies for premedical students include understanding the psychological and socio-cultural influences on health, cultural competency, and skills such as critical thinking, teamwork, oral communication, and written communication (Association of American Medical Colleges 2014). But, how is it possible to translate structural competency frameworks developed for health professionals for use into semester-long baccalaureate courses? And what are the most effective ways to evaluate pre-health students' grasp of concepts central to structural competency such as structural inequity, structural racism, or structural stigma?
These questions undergirded the expansion of an innovative interdisciplinary pre-health baccalaureate curriculum at Vanderbilt University in Nashville, Tennessee. The curriculum, titled Medicine, Health, and Society (MHS), arose in response to student demand for courses that explored the social and cultural aspects of health and illness. In its first iterations, the MHS major combined health sciences classes with a small number of university courses in the medical humanities and medical social sciences.
Demand was remarkable. Student enrollment rose from 172 student majors in 2008 to over 300 majors in 2011. In response to this growth, MHS faculty met over the course of 2012-13 to revise the curriculum in ways that brought medical humanities approaches such as narrative analysis and critical thinking into conversation with social scientific attention to cross-cultural, racialized, and gendered determinants of health (Vanderbilt University Center for Medicine Health and Society 2015). Structural competency emerged as a central rubric in this curricular reformulation because of its inherent interdisciplinarity.
The revised 36-credit-hour MHS major (Table 1 ) allowed students to choose from one of six concentration areas. The curriculum also added a series of new medical humanities courses on racial and ethnic health disparities; structural aspects of mental health, politics of health, health activism, disability studies, critical perspectives on global health, and interdisciplinary research methods. So too, existing medical humanities courses added structural immersion assignments that explored literary tensions regarding health and illness alongside exercises that asked students to, for instance, critically engage with ways that such structural frameworks as food delivery systems, diagnostic categories, structural racisms, or urban architectures might impact plot developments (Table 1) .
By 2013, Medicine, Health, and Society became the fastest growing and third-largest undergraduate major on a campus of roughly seven thousand undergraduates, and in 2015 the major enrolled more than 500 undergraduate majors. Pertinent to this paper, a majority of Vanderbilt students meanwhile continued to pursue traditional pre-health degrees as pathways to professional schools. Most premed students majored in interdisciplinary sciences such as neuroscience, molecular and cell biology, biomedical engineering, or other courses of study that emphasize life sciences along with smaller numbers of required general education courses in the humanities and social sciences (Baum and Rains 2014) . The divergence of two pre-health tracks at the same school-one (premed) that emphasized the traditional sciences, another (MHS) that promoted cultural and cross-cultural analysis alongside science medical school prerequisites-allowed us to measure whether a curriculum based in structural competency might impart different skills than did traditional premed tracks, while at the same time preparing students for their post-college careers. Preliminary data validated the consistency of the evaluation plan and suggested that MHS majors competently identified and analyzed structural foundations of health (Metzl and Petty 2017) This paper compares the outcome of the MHS curriculum emphasizing structural competency with a traditional premedical curriculum emphasizing the sciences.
Methods
To compare MHS and traditional pre-health students' cultural and structural competency skills, we devised an evaluation instrument to assess recognition of structural issues including understanding ways that political, cultural, economic, and social factors shape health outcomes. The Structural Foundations of Health Survey © (2016) begins with questions about professional preparation, structured as Likert scale questions about healthcare-specific knowledge and general academic skills based on the AAMC's BCore Competencies for Entering Medical Students^(Association of American Medical Colleges 2014). We next adapt the Attributional Complexity Scale (Fletcher et al. 1986 ), which consists of fourteen items designed to measure explanations of behavior based on consideration of external and internal factors. Sample items include, BI think a lot about the influence that society has on my behavior and personality,^and BI don't usually bother to analyze and explain people's behavior.^Previous research has identified associations between attributional complexity, critical thinking skills and ability to detect bias (Reid and Foels 2010) . The survey then includes five open-ended questions which ask respondents to: 1) list the three most important influences on people's health; 2) identify the three most important tensions in a cross-cultural physician-patient vignette; 3) choose and explain the three most important factors that explain disparities in a Each course counts as 3 credit-hours toward the 36-credit-hour major in MHS.
b The Critical Health Studies allows students to craft an individualized plan of study with a MHS faculty adviser.
c The Disciplinary Course is a distribution requirement; it may be taken as part of the concentration or elective courses. childhood obesity; 4) choose and explain the three most important factors that explain disparities in heart disease mortality rates in men; and 5) describe messages about depression reflected in a pharmaceutical advertisement for an antidepressant medication.
We modeled the open-ended question about factors that influence health based on focus group research conducted by the Robert Wood Johnson Foundation (RWJF) and reported in A New Way to Talk about the Social Determinants of Health (Carger and Westen 2010) . In the RWJF research, only a small fraction of respondents addressed social determinants when asked about the influences on health, but more respondents recognized social determinants of health as important when prompted with examples. Therefore, in our survey, this question preceded case-based questions about health disparities to test for recognition of social determinants without prompting. Our first case was a vignette adapted from case studies commonly used in cultural competency training and assessment:
Mrs. Demetilla Hernandez is a 63-year-old Cuban woman who went to the HMO clinic because of weakness and fatigue for the last two months…Because Mrs. Hernandez cannot speak English, the family language at home is Spanish… …Mrs. Hernandez became a little agitated, explaining to her daughter that she thought that the traditional Cuban dishes she prepares are healthy… Three other cases covered childhood obesity, heart disease, and pharmaceutical advertising. For childhood obesity, we showed a map of the U.S. from a 2009 Trust for America's Health report (2010) , which showed that the U.S. South contained eight of the ten states with the highest rates of childhood obesity. For heart disease, we cited a statistic that, BAfrican-American men are 30% more likely to die from heart disease than non-Hispanic white men^(U.S. Department of Health and Human Services 2015). The pharmaceutical advertisement depicted a woman who appeared to be white and middle-aged, who smiled while holding up a white-diapered infant above text that read, BI got my playfulness back!^Through this collection of cases, the Social Foundations of Health survey assesses ability to analyze physician-patient encounters, health disparities, and media using the tools of structural competency.
We conducted one-way analysis of variance to analyze the effects of the pre-health curriculum on students' ability to recognize social determinants of health, and paired t-tests were used to compare group means on Likert-scaled items. For the open-ended responses, the authors independently read all of the responses and then met to create codes for each set of responses. Responses were independently coded by a trained PhD student and confirmed among the authors. Agreement was .92.
MHS seniors completed the survey online as part of their graduation exam. Premedical students not majoring or minoring in MHS were recruited through a study announcement with a link to the anonymous online survey emailed to all students on Vanderbilt's Health Professions Advisory Office (HPAO) listserv. Premed participants received $20 Amazon gift certificates. We administered the study in spring 2015. Average completion time was 30 min. The Vanderbilt University IRB granted exempt status for this study. 
Results
Of the 177 students who completed the survey in spring 2015, 155 students (85 MHS majors out of a potential pool of 127; and 70 non-MHS premed majors out of a pool of 168) remained in the sample after we excluded incomplete surveys. 42% (n=36) of the MHS respondents identified as premed. Most of the remaining MHS students planned careers in nursing, public health, healthcare administration, humanities, and consulting.
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While most students reported Bgood^professional preparation (Table 2) , MHS majors reported better preparation than premed majors regarding understanding the relationships between socioeconomic status and health, ability to discuss controversial issues, knowledge of the U.S. healthcare system, and knowledge of the Patient Protection and Affordable Care Act (ACA).
Both MHS and premed students scored equally well on the attributional complexity scale, suggesting similar aptitudes toward complex explanations of human behavior (Fletcher et al. 1986 ) and ability to detect bias (Reid and Foels 2010) .
We observed important differences in students' responses to the question, BWhat are the three most important influences on people's health?^MHS students were significantly more likely to list structural factors, as demonstrated by word clouds of each group's response ( Figs. 1 and 2 As part of their analysis of the BMrs. Hernandez^vignette, students were asked what additional information was needed to address her case and to suggest three important questions. We identified and coded the ten most common questions. Both MHS and premed majors posed questions about Mrs. Hernandez's finances and her ability to afford medication. However, as Table 3 details, premed majors consistently identified individual, clinical, or cultural level factors as the root of the problem, such as Bcultural mistrust of physicians,B cultural dietary practices,^or Blanguage barriers.^Meanwhile, MHS students frequently identified structural explanations such as transportation and neighborhood.
In response to questions about health disparities, participants selected three from a list of fourteen items that included AAMC cultural competency factors (cultural background, health (Table 4) . MHS majors were also more likely than premed majors to select one or more structural factors Cardiac Mortality Neighborhood factors, such as a lack of sidewalks or community centers, may contribute to poor heart health among African American men there still exists a heavy degree of institutional racism that is found in conjunction with physician bias and lower socioeconomic status that affects access to healthcare.
I think there are many lifestyle differences between these two groups that contribute to most of the disparity If the problem is due to race, it is most likely genetic
Drug Ad
The ad caters to the beliefs that men do not have mental disorders, that women are the ones that should be caring for children, and that women need to be able to care happily and energetically for their children This advertisement plays on the guilt of mothers who feel that their mental illness is making them neglect their children. It is therefore shaped by the social and cultural norms of America, where mothers are expected to be very cheerful around their children a Data are from 155 seniors who responded to a spring 2015 survey about the pre-health professional curriculum students commonly identified cultural factors, they were far more likely than premed students to causally link structural factors to health outcomes. Students' explanations of disparities in heart disease also demonstrate variations in depth of analysis (Tables 3, 5) , particularly regarding race. While MHS and premed majors were equally likely to address race in their explanations (MHS: 51/85 [60%]; Premed: 37/70 [53%]; p=.375), MHS students were more likely to define racial disparities as the consequence of socioeconomic differences, discrimination or stereotypes, or of policies that had racial consequences (Table 5) .
Both groups were equally likely to provide medical responses to the drug advertisement (e.g. BDepression is a serious illness and/or depression can be treated with prescription pharmaceuticals^). MHS students were slightly more likely than premed majors to critique the pharmaceuticalization of mental illness (MHS: 32/85 [38%]; Premed: 15/70 [21%]; p= .029). Qualitative analysis of responses to the open-ended questions asking students to identify messages about depression and other social phenomena in the ad revealed equally low levels of critical engagement with race, class, and gender: only 5% of all students addressed the woman's race (white) and 1% addressed her class. The gender analysis was somewhat better with 23% of all students addressing the gendered portrayal of depression in their responses.
Discussion
Our pilot data suggest that students who graduated from an interdisciplinary pre-health curriculum (MHS) identified and analyzed relationships between structural factors and health outcomes at higher rates and in deeper ways than did premed science majors while simultaneously attaining comparable rates of admission to medical schools. 4 While both groups demonstrated high levels of awareness of the impact of cross-cultural factors on health outcomes, MHS majors demonstrated advanced skills that implied more nuanced understandings of structures underlying illness and health. For instance, MHS students more frequently listed structural or institutional racism as an explanatory factor for racial, economic, and demographic disparities and more commonly (76) 71 (84) 47 (67) . 017 53 (34) 23 (27) 30 (43) .039
Link cultural difference to structural contexts identified by the AAMC: social determinants of health (e.g. SES, neighbor factors, cost of healthcare), health systems, and institutional racism.
(30)
33 (39) 14 (20) . 011 11 (7) 8 (9) 3 (4)
.219
Link health outcomes to individual or family level factors that impact living and working conditions: income, educational level, health insurance status, and access to healthcare.
84 (54) 56 (66) 28 (40) . 001 64 (42) 38 (45) 26 (37) .344
Social/political. Link health outcomes to broad social, political and economic factors: neighborhood environment, racism, health delivery system, and health policy.
68 (44) 48 (56) 20 (29) <.001
30 (19) 16 (19) 14 (20) .855
Race/ethnicity. Demonstrate understanding of the relationship between race and health as an outcome of cultural and social factors including: Physician bias 9 (6) 4 (5) 5 (7) .522
46 (30) 40 (47) 6 (9) <.001
Discrimination 11 (7) 8 (9) 3 (4) . 219 31 (20) 26 (31) 5 (7) <.001
Institutional Racism 10 (6) 6 (7) 4 (6)
. 737 64 (41) 43 (51) 21 (30) .009
Socioeconomic Differences
13 (8) 7 (8) 6 (9) . 941 22 (14) 21 (25) 1 ( defined these disparities as arising from socioeconomic differences, discrimination, or policies that resulted in intended or unintended racial consequences. Our study has certain limitations. For logistical 5 reasons we were only able to evaluate students at the distal points of their baccalaureate degrees. Therefore, a subsequent study will compare skills of first-year students and graduating seniors. Our initial survey focused on health disparities in the U.S. and did not at this point assess recognition of the structural aspects of global health. And, since we focused on the skills and frameworks imparted by interdisciplinary medical humanities, we did not assess the complex worldviews and methodologies that premed science majors gain in advanced science courses.
At the same time, our data suggest that structural competency is a skill set that develops not just from attitudes, but also from training. Indeed, both groups of students demonstrated similar levels of sensitivity to cultural biases. Yet, students trained in interdisciplinary and intersectional methods showed enhanced ability to diagnose and analyze issues such as determinants of health, structural stigma, health economics, and race, while at the same time also demonstrating deeper understandings of the Bcultural^components of cultural competency. The one exception was recognizing whiteness as a racial category; this influence on health remained invisible and uncritically assumed by both groups.
It may well be argued that MHS students simply reproduced the structural language and analysis emphasized by their coursework-but this is in part the point. The skills that these students demonstrated represent ones increasingly accentuated by the MCAT, the AAMC, and other bodies that recognize, in an era of epigenetics and social determinants, how contextual factors shape expressions of health and illnesses (Robert Wood Johnson Foundation 2015; Goldstein and Holmes 2011) .
Further evidence suggests that these skills also represent ones that challenge physicians in clinical practice. Fully 85% of primary care providers and pediatricians polled in a recent RWJF survey agreed with the statement that Bunmet social needs are leading directly to worse health for all Americans^while at the same time voicing concern that they did not Bfeel confident in their capacity to meet their patients' social needs,^and that their failure to do so Bimpedes their ability to provide care^ (Goldstein and Holmes 2011) . Meanwhile, increasing numbers of physicians cite structural factors, such as restrictive insurance policies or lack of time with patients, as reasons to leave clinical practice (Pathman et al. 2002) .
In this sense, our study also contributes to an evolving literature such as many of the other essays in this issue (Berry and Lamb 2017) suggesting that teaching students about the Bsocial^aspects of medicine needs to begin sooner in the educational process, during the baccalaureate years. Ultimately, teaching students to recognize the social and structural contexts of health and illness depends not just on challenging implicit biases, but also on promoting methodologies and skill sets that can help future physicians take the lead in championing health justice and social change.
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